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1. INTRODUCTION 
Let us envisage a fluid stream past a semi-infinite plane plaque with the "attack" (velocity) angle 
zero. Suppose that the fluid is viscous incompressible while the flow is plane (in Oxy). The plane 
plaque is considered located on the real axis Ox, its "attack" edge being at O 
According to the well known boundary layer approximation (Prandtl), the Navmr-Stokes equa- 
tions, 
lead to 
Op 
pg.Vu = -Oxx + t~Au, pg.Vv = -~yy + I~Av, Ou Ov O~ + ~ = O, (1) 
° -  
p U-~x + v = ~ Oy2, (2) 
Ou Ov 
+ _-a- = 0, (3) 
O--~ uy 
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where p, p, and ~7(u, v), are the mass density, the pressure, and the plane velocity, respectively, 
while # is the viscosity coefficient. 
To these equations one attaches the boundary conditions, 
(x, 0), u (x, 0) = L1 ~yy v (x, 0) = 0, u (x, oo) = uo~, (4) 
the first one signifying the fact that the fluid slides on the plaque surface (instead of the adherence 
on the plaque, i.e., of the classical nonslip condition u(x, O) = 0). 
Such sliding boundary conditions have been considered before [1]. In a previous attempt, we 
have given a new numerical method for approaching this problem which is based on a particular 
polynomial development of the velocity profile inside the boundary layer [2]. 
The goal of the present work is to improve the previous attempts by considering a more accurate 
polynomial representation for the velocity profile. Then, some comparison results are presented 
in adequate tables. 
2. RESULTS 
By using the expression of v which comes from (3), the above relation (2) leads to 
P U-~x- ~xdY "~y =,UOy2' 
Integrating this integro-differential equation across the boundary layer, namely, from y = 0 to 
y = 5(x)-the upper border of the boundary layer, i.e., 
[ foo  P Jo u'5"-xz dY - P u -O-xx dY + P Jo U-~x dY = -~'~' 0 
we get the integral relation, 
2 d ~o~ u (~-~- l )  dy=-~-~, (5) 
where 
In a previous paper, we have suggested the approach of this equation by using a velocity profile 
(within the boundary layer) of a polynomial form [2]. 
In this paper, we solve this equation by considering again a velocity profile of a polynomial 
type (within the boundary layer) but this time of higher (5 th) degree which seems to be a more 
accurate approach. 
Precisely, we suppose that 
U :g=ao+al~+a2~ 2+a3~ 3+a4~ 4+a5~ 5, 0 ~  1, (6) 
U~ 
and u y 
-~=1,  u_>l, where ~ - 5(x). 
~too 
The coefficients a~ can be determined by using the appropriate conditions, 
0g 02a 
=L- -  =0,  for~/=0, 
0r/' 072 
0~ 02g 03g 
=1,  --0~ =0 '  0r/2 =0,  --0~ a =0,  fo r~=l ,  
(7) 
(s) 
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where 
L1 
L -  (x)" 
Following the calculations, by using the 5 th degree polynomial approximation, it results for the 
nondimensional profile of the horizontal component of the velocity the expression, 
1 
- 2 + 5----L (5L + 577 - 107/3 + 10r~ 4 - 3r/5). (9) 
In Figure 1, the profile of the nondimensional velocity is sketched, while in Figure 2, the influence 
of the L parameter on the velocity's profile is presented. The thickness of the impulse losses, 
0 = 6 --u I - dr/, (10)  
Uoo 
u=u(eta,L} 
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F~gure 1. Profile of the nondlmensional velocity ~,. 
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Figure 2. The influence of the L parameter on the veloczty's profile. 
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has, in this case, the following form, 
e = (2 + 5L) = \ T98 " (11) 
In Figure 3, in the section x = ct, the influence of the L parameter on the thickness of the impulse 
losses is outlined. 
teta=teta(L) 
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Figure 3. The influence of the L parameter on the thickness of the impulse losses (in 
the sectmn x = ct) 
The local tension between two neighboring layers, 
=,  , (12) 
has  the  express ion ,  
5#uoo (1 - 3~/4). (13) ~" - & (2  + 5L)  - 6??2 4 -  8?/3 
In Figure 4, in the section x = ct, the profile of the local stress between two neighboring layers, 
functions of ~ and L, are represented. 
tau=tau(eta,L)  
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F igure  4 P ro f i le  o f  the  |oc t ]  stress between two nezghbor ing  layers  as funct ion  o f  7? 
a~d L (m the  sectmn x = ct) 
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The local stress on the plaque has the structure, 
5~tuo~ 
~-w = 6 (2 ÷ 5L)' (14) 
Replacing then the velocity (9) and the local stress on the plaque (14), in the integral relation- 
ship (5), it comes out that 
PU~°'-~x (2 ÷ 5L) 2 \ ~98" - 5 (2 + 5L) 
and 
d (~-2) _ (2 + 5L) 1980 /z 
dx 459L + 80 puoo' 
from where, by integrating, we get 
( 495 p= 
5 (=) = 2 2 + 5L) 80 + 459L pu~'  (15) 
due to 
(0)  = o. 
From the relation (14) it results also the expression of the local stress on the plaque under the 
form 
5 780  ÷ 459L p#u 3 
T~ (x) - 2 (2 + 5L) 3/2 495 x 
(16) 
The influence of the abscissa x and of the parameter L on the thickness of the boundary ]ayer is 
presented in Figure 5 while the influence on the local stress on the plaque is outlined in Figure 7. 
In Figures 6 and 8 the corresponding level lines are drawn. The elimination thickness 
5* = 1 - dy, (17) 
Uc,  o 
delta=delta(x,L) 
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Figure 5. The influence of the abscissa x and of the parameter L on the thickness of 
the boundary layer. 
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Figure 6. The level lines in the case of the influence on the boundary layer thickness. 
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Figure 7 The Influence of the absetssa x and parameterL on the local stress on the 
plaque. 
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Figure 8 The level lines in the case of the influence on the local stress ~-w 
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now has the expression, 
1 5 
5* = - ~  (18) 
22+5L"  
Now, if we retake different developments of the nondimensional velocity distribution considered 
within the sliding phenomena, namely, 
1 
u3 = 2 + 3- - - -Z"  (3L + 37 - 7~), 
(m the case when a third degree polynomial form is used, [3]) or 
1 . (2L+2r l -273+v 4) 
u4= 1 + 2-----L 
(when a fourth degree polynomial form is used, [2]) or 
uP = 27 - 273 4- 74, 
(if the classical Polhausen method is taken into consideration, i.e. the sliding effects are neglected 
[4,5]) then denoting by u5 the representation for the velocity profile inside the boundary layer by 
a fifth-degree polynomial form as we envisaged in this paper, i.e., 
uS - 2 +15~ (5L + 57 - 1073 + 10@ - 3@) 
we get the following table of comparison of the characteristic values (see Table 1). 
Table 1 
uP u3 u4 u5 
0 0 0.0148 0.0196 0 0244 
0 1000 0 1981 0 1621 0.2138 0 2639 
0 2000 0 3856 0.3064 0 3976 0 4805 
0.3000 0 5541 0 4448 0 5628 0 6603 
0 4000 0 6976 0.5744 0.7035 0 7977 
0 5000 0 8125 0.6921 0 8162 0 8933 
0 6000 0 8976 0 7951 0 8996 0.9525 
0 7000 0 9541 0.8803 0 9550 0 9838 
0 8000 0 9856 0.9448 0 9859 0 9966 
0.9000 0 9981 0 9857 0.9981 0 9998 
1 0000 1 0000 1 0000 1 0000 1 0000 
The corresponding graph is given in Figure 9. 
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Figure 9 The graph of the velocity computed by Polhausen method (fixed boundary 
layer) and by using polynomials of 3, 4, and 5 degree (sliding boundary layer) 
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Figure 10. The behavior of the horizontal component of the velocity in the neigh- 
borhood of the plane plaque. 
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Figure 11. The influence of the coe:[~cient L on the velocity dlstributmn on the 
plaque surface. 
The behav iour  o f  the  hor i zonta l  component  o f  the  ve loc i ty  d i s t r ibut ion  in  the  prox imi ty  o f  the  
p lane  p laque  is p resented  in F igure  10. 
The  in f luence  of  the  coef f ioent  L on  the  ve loc i ty  d i s t r ibut ion  on  the  p laque  sur face  is sketched  
in F igure  11. 
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